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supported Fuchs' theory. Nevertheless, it is possible to draw pre-
cisely the opposite conclusions from Feichtinger's experiments, i.e. the
absence of free lime in Portland cement. He endeavoured to explain
the inconsistency of his-theory with the facts by means of a new and
improbable hypothesis, viz. that the particles of free lime are so
coated over with molten cement that a considerable amount of time
is needed before the presence of the free lime becomes noticeable.
Feichtinger examined various kinds of hydraulic limes, including
those, like Portland cement, in which the whole of the lime is chemi-
cally combined, and those, like R/oman cements, which contain free
lime. Both are readily distinguished by their behaviour towards
water ; the former, on hy drat ion, show a scarcely noticeable rise in
temperature, whilst the latter show an unmistakable development of
heat. Furthermore, Portland cements after a given period of hydration
show no Ca(OH)2, whilst in the Roman cements this substance may be
detected as soon as water is added. This is in direct contradiction to
Fuchs' theory. In order to retain this theory, Feichtinger had recourse
to the improbable hypothesis mentioned above.
Winkler276 has argued that the behaviour of Portland cement to wards
an alcoholic solution of phenolphthalein shows that the whole of the
lime is in a chemically combined state, as the smallest trace of free
lime would, if present, turn the indicator red. In reality, no such red
colour is produced. Fuchs' theory is inconsistent with the possibility
of regenerating the cement from the set or hardened mass, though this
possibility may be inferred from Feichtinger's experiments, as will be
shown later. No agreement was ever reached by Feichtinger and
Winkler: each retaining his own opinion to the last. This shows how
strong was the influence of Fuchs' theory on Feichtinger.
No absolute answer to the question, " Does Portland cement
contain free lime ? " has been given, even at the present time ; the
influence of Fuchs' theory has been so strong.
It is also interesting to note how the supporters of the " free lime "
hypothesis endeavoured to disparage the value of the phenolphthalein
reaction. Some of them suggested that the " free " lime in Portland
cement is in a crystalline state and so is incapable of reaction as an
alkali. This suggestion is futile, as Richter277 has prepared crystallised
lime and has shown that in alcoholic solution it has an obvious alkaline
reaction.
Fremy278 endeavoured to show the presence of free Hme by treating
Portland cement with dilute acids, but Schuljatschenko279 has rightly
shown that the behaviour of Portland cements towards dilute acids is a
most unsatisfactory premise on which to argue for the presence of free
lime, as the whole of the lime present can be removed from the cements
by means of dilute acids.
Other investigators have used other reagents278 * such as Mg(N03)2.
* A list of reagents which have been tcied for showing the presence or absence of
free lime in cement wilt be found in the Bibliography under No. 278.